Data Envelopment Analysis (DEA) models are applied to the main French seaweed fleet to examine capacity output, capacity utilization, and scale inefficiency. Coastal seaweed vessels target only one output -kelp -with the same gear but with different input level combinations. The fishery is seasonal and subject mainly to input regulations, especially a one trip per day regulation implemented in 1987. The consequence was a decline in total observed output and a fall in capacity output and efficient output. Only the largest vessels and a few small vessels harvesting without this regulatory constraint operate at the optimal scale. The question of a change in regulation, especially a shift to an individual quota system, is raised.
Introduction
There is increasing concern about excess capacity at an international level, as well as in the European Union (Gréboval and Munro 1997; Hatcher and Robinson 1998) . As underlined by Gordon (1954) , excess capacity of harvesting fleets results from the lack of definition of rights to common-pool resources, the resulting absence or imperfection of markets for them, and the externalities that it entails. Excess capacity of fishing fleets has also led to adverse effects on fishing stocks, reducing the biological productivity and the economic performance of the fleets in many fisheries throughout the world. In order to control and reduce the harvesting capacity of fleets, fisheries managers have implemented different policy options based either on the control of the level of the catches (Total Allowable Catches) or administrative programs aiming at reducing the size of fleets or both. In many cases, public policies have considered capacity as inputs into the production process, especially within the Common Fishery Policy of the European Union where each member state has to fulfil fleet size reduction objectives expressed in terms of vessels' physical parameters (Holden 1994) (Frost et al. 2001) . As underlined by Kirkley and Squires (1999) , there is not a unique definition or measurement of capacity in the fisheries field. However, in economic theory, capacity is defined in terms of output-based measures. Capacity and capacity utilization are important concerns for fisheries management and it is crucial to assess their current levels in order to determine the reduction in capacity required to reach objectives established by management authorities.
The Data Envelopment Analysis (DEA) approach is one of the methods used to determine harvesting capacity. DEA is a non-parametric approach applied to problems in which answers about optimum input levels or output levels and their characteristics are desired. The main methodological issues were addressed by Charnes, Cooper and Rhodes (1978) , Färe, Grosskopf and Lovell (1985) , Coelli, Rao and Battese (1999) . Charnes et al. (1995) and Färe, Grosskopf and Lovell (1994) provide a comprehensive discussion of DEA models and their two primary orientations. The input-based measure indicates the level by which inputs may be changed to best harvest a given output level. The output-based efficiency measure determines by how much output can be expanded or changed given the available level of inputs. It allows managers to identify the level of output and subsequent vessels which would maximize output, subject to given input levels and resource constraints. The output-orientated DEA model is provided hereafter and the framework of Färe, Grosskopf and Lovell (1994) is utilized. Färe, Grosskopf and Kokkenlenberg (1989) proposed that the DEA framework could be modified in order to estimate capacity as defined by Johansen (1968) . Capacity estimate then refers to the maximum potential or frontier level of output that could be produced given the fixed factors and full utilization of the variable factors. The DEA technique assesses the capacity output scores of an existing technology relative to an ideal, "best practice", frontier technology (Coelli, Rao and Batteese 1999) . That is, the output is as large as possible given input and technology levels, or the input levels are as small as possible given the output levels (Färe et al. 2000) .
The objective of this paper is to measure capacity output, capacity utilization and scale inefficiency of the seaweed fleet operating in French coastal waters (Brittany region) and to try to analyze the impact of regulatory measures, especially the trip regulation. The technology of vessels harvesting one output (seaweed) with one gear can be considered as relatively easy to represent and study. The fishery is seasonal and the fleet mainly regulated on the input side by a licence system with a numerus clausus and by constraints on the number of authorized trips per day. The paper attempts to assess the maximum amount of output each fishing unit or fleet can produce given available input stocks. Beyond the classical analysis of capacity utilization, the paper also focuses on the question of scale efficiency addressed by Cooper, Seiford and Tone (2000) . The results presented hereafter were produced within a European project dealing with the DEA methodology applied to the fishing industry (Vestergaard et al. 2002) .
The first part of the paper describes the fishery and focuses on the capacity related problems encountered. The common methodology developed is presented with specific focus on the question of scale efficiency. The data set used is presented and sensitivity analysis on the number of fixed inputs is carried out in order assess the sensitivity of the capacity utilization (CU) scores. The conclusion is that there is an increasing return to scale in the seaweed fishery. Regulating the authorized number of trips per day has promoted this situation and the seaweed fleet is now composed of a greater percentage of larger vessels. The level of capacity utilization is high and there is a relatively low possibility of output capacity improving with an increase in activity.
The Seaweed Fleet of Brittany (ICES area VIIhe, VIIIa,) .
In France, the main seaweed fishery is located in the Brittany region and most of the fields harvested are located in the western part of this area. The fishery is seasonal -from May to October -and the vessels are either specific vessels or fishing units also operating in scallop fisheries during winter. In 1999, the fleet was composed of 57 small-scale vessels with the following average technical characteristics in terms of length (9.58 meters), tonnage (10.25 GRT) and engine power (67 kW). They differ from other vessels by their relative bigger storage or hold capacity (15.7 cubic meters) to carry seaweed from the fishing areas to the main harbors. The only seaweed species targeted is called kelp (laminara digitata) and vessels are fitted out with a specific gear to harvest it: a hydraulic crane with a hook. Landings are mainly sold to the processing industry in order to produce colloids. The price of kelp is negotiated each year and for the entire season between fishermen organizations and processors. This analysis of the deflated price of kelp shows that it has been roughly the same over the last fifteen years (38 €/ton). This means that we can exclude price effects of kelp on fishermen's behavior.
The fleet is managed by an individual license system (numerus clausus) with regulations on vessel characteristics, especially the maximum length authorized to enter the fishery. The number of trips per day was also limited to one in 1987, in order to reduce the fishing nominal effort. This regulation is still in force at present. Since 1999, the regulating authority has decided to ration the number of days at sea per vessel at the beginning of the season. In 2000, regulators also decided to implement a Total Allowable Catches per month in order to better regulate landings. The objective was to reduce kelp mortality and therefore benefit from the intra-annual growth of seaweed biomass which is linked to the increase in sunlight. Finally, kelp biomass is controlled by the first winter storms that lead to a complete natural depletion of seaweed fields. The level of exploitation is mainly influenced by the evolution of kelp abundance, alternatives in other fisheries for multipurpose vessels, and meteorological conditions. Nominal effort, expressed in terms of days at sea, is limited at the beginning of the season due to sea conditions. As shown in the next figure, the level of days at sea for the fleet increases between May and July when the catch per unit of effort is at its highest level. The number of vessels involved in the seaweed fishery declines in September as and when the abundance of the stock plummets. Years 1997 Years -1998 Years -1999 The fishery ends in October with the arrival of the first storms and bad sea conditions for such small-scale fishing units.
Evolution of the Fishery and Capacity Related Problems
The average production of the fishery has been about 60,000 tons per year over the last fifteen years. However, landings have declined due to a combined reduction in the number of active vessels and in the biomass level (Figure 2, 3) . Figure 3 describes the evolution in kelp abundance indexes through two indexes, the number of kelp plants and total weight and per square meter, respectively. Despite inter-annual variability in resource abundance, a declining trend in biomass indexes -from 7 to 4 kg/m 2 -appeared between 1989 and 1999. An about-turn seemed to occur in 2000 and 2001, and a shift in environmental conditions, especially water temperature, seems to be responsible for these changes. 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Production (1,000 Tons) Number of Vessels
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The main economic problem for the fleet is the excess investment that occurred at an individual level through the mechanization of vessels and an increase in hold capacity of the fishing units (Arzel 1998) . Despite a reduction in vessel numbers, total engine power increased at the end of the 80's, then stabilized in the 90's. Fishermen increased their levels of inputs by operating changes in the vessels' configuration. This is a classical phenomena of input substitution within license systems analyzed by Townsend (1985) . As a consequence, average engine power grew by about 42% between 1985 and 1999, but length did not increase because of regulations on vessel size limits. As many vessels operate in scallop fisheries, a significant proportion of the increase in physical inputs can be ascribed to the competition within these fisheries. Figures 4 and 5 depict the evolution of the main characteristics of the fleet, and number of vessels and landings, respectively. A natural decline in stock abundance partly explainsthe decline in individual landings, but overcrowding in the fishing area and overexploitation of the growth of kelp has reduced individual landings. On the other hand, the increase in the size of the average vessel has probably led to a reduction in the accessibility to specific areas for the largest vessels.
Specifications of the Data Envelopment Analysis Models
The DEA Models used in this paper were carried out within a European Research Project with the aim of developing a common methodology for selected European fleet (Vestergaard et al. 2002) . Färe et al. (1989) proposed a formal statement and proof of Johansen's plant capacity (1968) using an output-orientated technical efficiency model. The model holds fixed inputs constant and determines the maximal output that can be produced for any given level of fixed input. The approach provides a scalar measure or efficiency score, θ * 1 , that indicates the percentage by which the production of each output of each vessel may be increased. That is, the score measures the distance between the observed output and the 'best-practice' frontier.
Capacity Output and Capacity Utilization
The estimation of capacity output can be obtained by solving a linear programming model. We designate the vector of outputs by u and the vector of inputs by x, with m outputs, n inputs, and j vessels or decision making units. Inputs are divided into fixed factors, defined by the set F x , and variable factors defined by the set V x . The capacity model considers unrestricted use of the variable inputs. Capacity output and the optimum or full input utilization values require us to solve the following problem:
Max
(1) subject to:
where:
θ 1 is the capacity score, u jm is the amount of output m produced by vessel j, x jn is the quantity of input n used by vessel j, z j is the intensity variable for vessel j, λ jn is the input utilization rate by vessel j of variable input n.
The problem imposes constant returns to scale (CRS) and it is assumed that each producer uses nonnegative amounts of each input to produce non-negative amounts of each output. The objective of this method is to assess the so-called global technical efficiency of the fishing units and the consequence of imposing constant returns to scale is that the supporting hyperplane does have to pass through the origin. Equation (2) represents one constraint for each output, while equation (3) constrains the set of fixed factors. Equation (4) allows the variable inputs to vary in order not to constrain the model. Equation (5) is the non-negativity condition on the z variable. The z vector allows us to decrease or increase observed production activities (input and output levels) in order to construct unobserved but feasible activities. The vector also provides weights that are used to construct the linear segments of the piece-wise, linear frontier technology constructed by DEA.
The model is run once for each vessel in the data set. Capacity output is then determined by multiplying θ * 1 by the observed output. This is consistent with the Johansen (1968) definition of capacity because only fixed factors constrain production (Walden and Kirkley 2000b) .
Capacity utilization (CU) can be calculated using the observed output as follows:
This measure provides a ray measure of capacity output and CU in which the multiple outputs are expanded in fixed proportions relative to their observed values (Segerson and Squires 1990) . This corresponds to a Farrell (1957) measure of output-orientated technical efficiency due to the radial expansion of outputs, as the ray measure converts the multiple-output problem to a single-product problem by keeping all outputs in fixed proportions. The CU scores range from 0 to 1, with 1 representing full capacity utilization. Values of less than 1 indicate that the vessel is operating at less than full capacity given the set of fixed inputs.
However, the observed measure of CU might be downwards-biased, because the numerator in the measure, the observed outputs, may not necessarily be produced in a technically efficient manner (Färe, Grosskopf and Lovell 1994) . A technically efficient measure of outputs can be obtained by solving a problem where both the variable and fixed inputs are constrained to their current levels. The outcome (θ * 2 ) shows the amount by which production can be increased if production is technically efficient. Färe, Grosskopf and Lovell (1994) indicate that this can be determined by solving another linear programming problem, which is similar to the second capacity problem: 
The difference between the first model and this second model is that variable inputs are unconstrained and constrained to their current level, respectively. The CU efficient measure is then calculated as the ratio of the technically efficient output (θ * 2 ) multiplied by the observed production for each output) and capacity output, that is:
The technically efficient CU measure or "Färe" CU measure again ranges from 0 to 1. Values less than 1 indicate that CU is less than full CU, even if all current inputs (variable and fixed) were used efficiently. Färe et al. (1989 Färe et al. ( , 1994 ) also introduced the concept of using the DEA approach to provide information on the optimal utilization rate of variable inputs, λ * jn , or the utilization of the variable inputs required for production at full capacity output. For example, if the ratio of the optimal variable input level and the observed variable input level exceeds 1.0 in value, then there is a shortage of the i th variable input currently employed and the vessel should expand the use of that input. Based on the capacity problem using DEA, we can thus obtain a measure of observed input to optimum input, or the input level corresponding to full capacity utilization or capacity output, as follows:
where n pertains to variable inputs of the j th producer and z is the intensity score. This measure hence indicates the percentage at which the current level of input is used relative to the full capacity output level of input utilization. As only one output is considered in the following application, the drawback of DEA mentioned by Kirkley (2000a, 2000b) in the case of multiple-output production is avoided. In this case, radial expansion of measured capacity output (θ) may not yield the highest level of production because of slacks in the linear programming model. As previously mentioned, our case study deals with a fleet landing only one species and this drawback does not apply to our study.
Return to Scale Analysis
The measurement of economies of scale is another issue that can be addressed by the DEA approach. It may have serious implications for policy recommendations concerning the optimal scale of the production units and the fleet, especially in a context of common-pool resource exploitation. The return to scale is a measurement of the increase in output relative to a proportional increase in all inputs, evaluated as marginal changes at a point on a production function.
According to the methodology developed by Cooper, Seiford and Tone (2000) , two models can be used in order to decompose inefficiencies in the production process and to identify increasing returns to scale. The first model assumes a constant-return-to-scale (CRS) production possibility set, and it is supposed that the radial expansion and the reduction of all observed individuals are possible. The objective of this method is to assess the so-called global technical efficiency. The second, variable-return-to-scale (VRS) model assumes only convex combinations of the observed fishing units in order to assess local pure technical efficiency. As a consequence, if a fishing unit is fully efficient in terms of both methods, it is operating at the most productive scale size. If an individual is efficient with the VRS model but has a low score with the CRS model, the conclusion is that it is harvesting at a locally efficient but not a globally efficient level, due to the scale size of the fishing unit. An index of scale efficiency for observed levels of inputs was developed by Cooper, Seiford and Tone (2000) and they suggested the following ratio:
The scale efficiency ratio (SE) is not greater than one and fishing units which are efficient both in terms of constant and variable returns to scale have a scale efficiency equal to one. crs 2 θ is found from the second capacity model defined by equations 7 to 11 and vrs 2 θ by adding the following convexity constraint to equations 7 to 11:
The practical implication of imposing variable returns to scale is that it is easier for some observations to be deemed efficient and placed on the frontier, because imposition of the convexity constraint means that the supporting hyperplane does not have to pass through the origin (Charnes et al. 1994 ). (2004) have explored the issue of optimal issues within the DEA model. They demonstrated that the range of optimal scale levels may be extremely wide with both the maximal and minimal output levels as the optimal scale. Inclusion or exclusion of a few vessels may also have a great effect on the set of optimal scale units and their size. The conclusion is that the scale properties revealed by a DEA study are correct in a technical sense, provided the outputs or the inputs are changed in a strictly proportional fashion. 
Forsund and Hjalmarsson

Empirical Results
The model specification is applied to the case study in order to give measures of the dispersion of capacity utilization and indicators of efficient and capacity output. We focus in particular on the sensitivity of the results to the inclusion of an increasing number of inputs or observations. The assumption of the scale efficiency of fishing units is tested and stock indexes are included in the model. The level of analysis is either annual or on a monthly basis.
The Data Set
Different types of data are used in this case study. Log-book information on a trip level basis gives the level of output (kelp landings in kg) and the level of the variable input (the number of trips) ( Table 1) respectively. 
Source: Ifremer
National fleet files give the fixed inputs in terms of the vessels' characteristics: vessel length in meters, engine power in kW, tonnage in GRT, hold capacity in cubic meters and the number of cranes, which is linked to the number of crew members. Different other non-continuous indicators such as harvesting areas or seasons could be used. Biological information such as the level of stock biomass is obtained from Ifremer surveys. Selecting the seaweed fishery as a case study is also of interest because of the very high quality of the data base. In a comparison of logbook data and the processors' purchase data, changes in vessel ownership were undertaken to validate information at an individual level. This process reduces the bias of the application of DEA approaches due to noisy data sets (Todd and Holland 2000) .
Capacity and Sensitivity Analysis
The DEA approach was first carried out on the year 1998 as a whole, with all the available data. As indicated in table 2, the observed output for the total fleet is about 40 thousand tons when the efficient production is 15% higher. However, the capacity output of this fleet is 45% higher than the current level of landings with 58 thousand tons. Note that this level is theoretical, because it assumes that the level of stock is able to yield the same productivity with an increase in the level of days at sea. The results reported in figure 6 indicate that most of the efficient vessels are either landing between 500 and 1000 tons or landing between 1750 and 2400 tons. For other vessels, it is more difficult to reach capacity output, because it requires a significant increase in the number of trips in the fishery. This is logical, as the fishery is seasonal and many vessels do not enter or leave the fishery at the same time. Subsequently, it was required as advised by Cooper, Seiford and Tone (2000) to weight the present results by an analysis of the sensitivity of the results to the inclusion or not of individuals. Table 3 presents the results of the model run either with 29 individuals, or when it is carried out with 45 individuals (including the previous 29 individuals). The results in table 3 show that the model classically overestimates the CU with a limited number of individuals compared to the results with a larger sample. The deviation is relatively low (7% and 11% for Färe CU and observed CU respectively) and the condition of degrees of freedom indicated by Cooper is satisfied. In fact, most of the optimal vessels within the 29 individuals are always optimal with a 45-individual sample.
As shown in figure 7 , the models with only length, length plus number of cranes, and finally all the available fixed inputs, give different results in terms of the technically efficient frontier. They are considered as fixed as they cannot be changed over a short term period by the fishermen. The result is that individual annual production is on the one hand smoothed by the introduction of a higher number of variables and on the other hand reduced for a significant number of fishing units. Moreover, increasing the number of fixed inputs in the analysis increases the number of technically efficient vessels. This number rises from 11 to 16 by this process. The consequence is that withdrawing an input from the analysis likely gives biased results for the technically efficient frontier and then capacity utilization scores. All depends on which variables are binding. If the new additional variables are binding, then there are more segments in the frontier and scores should decline. If the new additional variables are not binding, then there will not be a change in scores. It is also useful to include many measures of inputs in the analysis especially since, with the DEA approach, there isno problem of co-linearity between exogenous variables as in a traditional regression analysis of parametric production functions.
Scale Efficiency, Capacity and Regulatory Measures
According to the methodology proposed by Cooper, Seiford and Tone (2000) , the empirical results indicate that there are likely increasing returns to scale into this fishery (Figure 8 ). Within the sample of 45 individuals, only six fishing units are found to be scale efficient even if nine vessels operate near the optimal scale size. As displayed in figure 8 , most of the scale efficient units are the largest vessels landing between 1500 and 2400 tons per vessel. These vessels are, generally speaking, the largest in size (length, kW, number of cranes). The length of these vessels exceeds 10 meters and the number of cranes is 2 for 50% of these fishing units. The smaller the vessels, the bigger the relative gap between global technical efficiency and pure local efficiency. However, two scale efficient vessels operate at a lower size, around 8.5 meters, with a significant lower production than the largest efficient ones. In this case study, the range of optimal scale levels is extremely wide with both the maximal and minimal output levels as the optimal scale. As described by Forsund and Hjalmarsson (2004) , small changes in input ratio could cause large changes in optimal scales. The regulation limiting the number of trips per day (one per day and per vessel) could explain why the largest vessels are at the optimal scale. These vessels have the greatest hold capacity and consequently are able to spend more time at sea and to harvest more than the smallest vessels in a given trip. The production level of the smallest vessels is consequently more rationed by this regulatory measure than for the largest vessels. When we focus on the two smallest units operating at the optimal scale, it is interesting to underline that both operate in the islands and are not really concerned by the trip regulation. There are able to tranship their production to another conveyor boat when their hold capacity is full. In conclusion, the trip regulation operates as a constraint in production and it may explain why there are incentives to build new vessels or purchase vessels on the second-hand market, with an increasing level of inputs, especially hold capacity.
The analysis of CU scores over a longer period is also of interest in order to examine the impact of the trip regulation on vessels' activity. Before 1987, the number of trips per day was not limited and the smallest vessels with the lowest hold capacity could make more than one trip per day. In 1987, the fishermen's organization decided to implement the regulation of "one trip per day" aiming at reducing the impact on the resource. A group of vessels which was active during the 1985-1997 period is selected. The sample comprises 36 fishing units. The annual DEA model gives different indicators like observed, efficient and capacity output as well as capacity utilization scores. As underlined in table 4, the total number of trips and average number of trips per season have decreased due to this regulation (-34%), falling from 105 trips a year in 1985 to 69 trips, on average, the following years. The consequence is a decline in total observed output (-25%) and the fall for capacity output and efficient output reaches -24% and -21% respectively, when we compare the situation before and after regulation. Fishermen have partially compensated for the trip regulation by loading more kelp on their vessels, which explains why the reduction in observed output is less than proportional to the decline in trips. However, analysis of the relative difference between observed output and efficient output shows that the gap has increased over the period (from less than 3% in 1988 to nearly 10% in 1997). This probably means that heterogeneity in fleet characteristics has increased with a small number of vessels benefiting from an improvement in fixed input to produce more efficiently, and others not. Conversely, the behavior of fishermen in terms of number of trips was less homogenous before the regulation. As a consequence, the relative difference between capacity output and efficient output is lower after regulation as most of the fishermen have around the same level of activity, especially during the summer season.
As reported in table 5, the average value of (λ>1), the utilization rate of the variable input, indicates that, on average, the fleet did not make as many trips into the fishery, especially in 1985. 26 vessels had a shortage in the number of trips, which can be explained since each model is annual. The calculation is based on the radial expansion of the variable factor, which is high for some vessels for this year. On the other hand, sensitivity of the variable factor from one year to another can be explained by the entry and exit strategy of each vessel in the fishery over the season. In all, the level of activity can be considered as relatively high and not far from the maximum level in terms of capacity. The observed level of capacity utilization not corrected for technical efficiency is relatively constant over the period (Table 6 ) and ranges from 0.71 to 0.77 with a low level of dispersion (see annex for graphical distribution). The unbiased level of CU reaches a minimum of 0.86 for 1985 to a maximum of 0.93 for 1992. As a consequence, there is an opportunity to increase the level of landings (+8%), but probably by adjusting the fishing effort to the evolution of the growth of stock within the season.
Concluding Remarks
The main results of this study can be underlined from different point of views: methodological and empirical. The indicators provided by the model -observed capacity utilization or unbiased capacity utilization -give measures of the necessary shifts in variable inputs (days at sea) to reach the individual vessel capacity output. The required increase in variable input, which is malleable on a short term basis, is limited because the capacity utilization is quite high within this fleet. It could be difficult to increase vessel activity because the fishery is seasonal and the decision of fishermen to enter or to leave the fishery depends on the economic situation of other fisheries. Moreover, the kelp stock is subject to growth over the season and the increase in capacity output probably needs a monthly adjustment of the fishing mortality to the growth capacity of the stock, rather than an overall increase in the fishing effort. A total allowable catch (TAC) per month should be established to organize this adjustment.
Analysis of scale efficiency with the DEA approach shows that either large vessels or a few small vessels operate at the optimal scale. This is not surprising according to recent studies demonstrating that the range of optimal scale levels may be extremely wide with both the maximal and minimal output levels as the optimal scale (Forsund and Hjalmarsson 2004) . In this case study, the optimal scale seems to be influenced by the regulatory measures, especially the number of trips. The number of trips is limited to one per day and this measure benefits the largest units, i.e. those with the greatest hold capacity. The case of the few smallest vessels is specific, as they are not concerned by this regulation. Such a regulation is questionable in the case of this fishery and for different reasons. Boncoeur and Alban (2004) show that the viability of the smallest is threatened by this regulation and the allocation of individual quotas could improve their situation by increasing their revenues. As discussed above, the trip regulation gives fishermen incentives to buy or build large vessels in order to benefit from efficiencies of scale. The main problem is that these vessels are not able to operate in a large majority of kelp fields which are not deep enough for the draft of the fishing vessels. Concentration of the capacity within the main areas could lead to a reduced level of production as a whole. As a conclusion, the allocation of individual quotas could benefit the fishery by reducing the "race for kelp" and the incentives to increase vessel size. Moreover, this fishery can be considered as a good candidate for individual quotas as all the landings are purchased and weight by the processors. This reduces the problem of "quota busting" or cheating behavior that generally circumvents the benefits of such a system. 
Annex
